A 29-year-old man with Klippel-Trenaunay syndrome (KTS) presented with a symptomatic conus medullaris-cauda arteriovenous malformation (AVM) manifesting as back and right limb pain, which abruptly worsened with the onset of right limb weakness and urinary retention. He was treated by multisession endovascular embolization resulting in improved neurological status. KTS is a sporadic disease with unknown etiology, but genetic susceptibility may lead to the over-expression of angiogenic factors and increased angiogenesis. KTS may be exceptionally associated with slow-flow spinal AVM, but there is no consensus about the optimal treatment for these symptomatic lesions. Embolization treatment may represent a safe option to minimize complications and possibly improve the neurological status in patients with spinal AVM associated with KTS, if one or both legs are already impaired by hypertrophy or other vascular malformations. Genetic analysis may reveal an underlying angiogenesis change, so closer follow up might be indicated in selected patients.
Introduction
Simultaneous occurrence of congenital varices, segmental cutaneous nevi, and hypertrophy of the involved extremity were first reported by Klippel and Trenaunay in 1900, and large arteriovenous ecstasies leading to vascular lesions in overgrown extremities were termed hemangiectatic hypertrophy by Weber in 1918. 13, 16) These pathological conditions have since been grouped under the name Klippel-Trenaunay-Weber syndrome. 16) Recent observations have clearly differentiated Klippel-Trenaunay syndrome (KTS) from Parker-Weber syndrome (PWS): KTS is characterized by the presence of slow flow vascular malformations that may involve capillaries and lymphatics of an overgrown limb, whereas PWS involves fast flow vascular lesions. 3) KTS may exceptionally be associated with spinal arteriovenous malformations (AVMs) that could be related to the overexpression of angiogenic factors. 1, 5, 11, 28, 30) However, these assumptions were recently contested, suggesting that the presence of spinal AVM is not a feature of KTS and this association might be erroneous. 3) In addition to the controversy about the terminology and pathological associations, there is no consensus about the optimal treatment for symptomatic spinal AVMs, and few KTS patients have been treated for spinal AVMs (Table 1) . 2, 4, [6] [7] [8] [9] [10] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] 29) Here we describe the treatment of a 29-year-old man who was diagnosed with KTS at the age of 8 years at a different institution and presented with symptomatic conus medullaris-cauda AVM treated by multisession endovascular embolization. The patient recovered from his symptoms within 3 months, and no further neurological deterioration was observed during a 2-year follow-up period.
Case Report
A 29-year-old man was diagnosed with KTS at the age of 8 years at a different institution: left leg osseous, fat tissue, and lymphatic hypertrophy then led to the finding of an AVM. The left leg AVM was surgically treated and, despite distal strength deficit, the patient was able to walk using a Codivilla's prosthesis. The patient progressively developed back and right limb pain at age 29 years, and the symptoms abruptly worsened with the onset of right limb weakness and urinary retention.
On admission to our institution, physical examination revealed that the left leg was 2 cm longer than the right, with hypertrophy of both bony and soft tissues and 10) 11/F T9-L2 paraparesis surgery paraparesis Saito et al. (1975) 24) 49/F T4-L4 rt leg weakness conservative n.a. Pitagoras de Mattos (1975) 20) 33/M T9-T10 bil leg sensory deficit conservative n.a. Eber et al. (1976) 9) 32/M L1 claudication conservative n.a. Djindjian et al. (1977) 8) 13 23) n 14) 67/M n.a. n.a. n.a. n.a. Kojima et al. (1989) 16) 28/F T11-L2 paraparesis surgery good Tan et al. (1990) 27) 19/M T2-T6 and T10-T12 varices, and skin signs from the previous surgical intervention were still recognizable. The previous diagnosis of KTS-like overgrowth syndrome was confirmed based on the KTS definition of combined capillary, lymphatic, and venous slow-flow malformations in an overgrown limb. 3) Only clearly visible cutaneous nevi were missing of all the physical findings of KTS. However, cutaneous manifestations in KTS might range from smooth birthmark to desquamated plaques with ulcers.
3) The patient was unable to walk and stand: strength reduction was detected in knee flexion (3/5), ankle dorsiflexion, and plantarflexion (1/5) in the right leg, whereas strength remained unchanged in the left leg with only reduced ankle dorsiflexion (4/5). Patellar and Achilles reflexes were present and symmetrical. Hypesthesia was found in the territory of the right L4-L5-S1 spinal nerve roots. No sensory deficits were observed in the left leg. Urinary retention without saddle anesthesia or anal sphincter atonia was found.
Magnetic resonance (MR) angiography showed a spinal AVM involving the conus medullaris and the cauda equina. T 2 -weighted MR imaging demonstrated edema in the conus medullaris distal segments, but no abnormalities in any cerebral region. Spinal angiography confirmed the presence of a conus-cauda AVM with multiple feeders including the left T11, left T10, bilateral L2, and left L3 radicular arteries (Fig. 1) .
Multidisciplinary evaluation considering the progressive clinical deterioration and evidence of spinal AVM excluded surgery, and endovascular treatment was planned. The left and right radiculo-medullaris L2 arteries were selectively approached through the right common femoral artery. A Progreat microcatheter (Terumo Europe, Leuven, Belgium) was advanced to the AVM and the lesion was embolized with polyvinyl alcohol particles (Compressible Microspheres Bead Block; Terumo Europe). Posttreatment angiography demonstrated good devasculariza- Pain was relieved immediately after the endovascular treatment and steroid administration, but the neurological status remained unchanged. The right leg motor deficit and the urinary retention were slightly improved after one month, although the patient was not able to walk. Spinal angiography confirmed occlusion of the lower segment of the lesion (filled from the left and right L2 radiculo-medullaris arteries) but persistence of the vascular afferents from the left T11 radiculo-medullaris artery. Therefore, complete endovascular occlusion of the left T11 radiculomedullaris artery with polyvinyl alcohol particles was performed (Fig. 2) . After 2 months of physical therapy, the patient was able to walk (continuing to use Codivilla's prosthesis for the left leg) without major strength deficits in the lower right limb. Normal bladder urinary function was confirmed by an urodynamic investigation. His neurological status remained stable during a follow-up period of 2 years, and MR angiography confirmed reduction of the vascular nidus and absence of spinal cord edema.
Discussion
KTS is a sporadic disease with unknown etiology, although genetic susceptibility may be involved. 1, 3, 5, 11, 13, 16, 28, 30) Spinal AVMs account for 3-4% of all intradural spinal cord mass lesions, but conus medullaris-cauda AVMs are even rarer, sporadic, and mostly anecdotal. 31) There may be a possible association between KTS and spinal AVM as a result of an embryonic disorder that affects both the ventrolateral and dorsolateral arteries, and gives rise to segmental neurocutaneous angiomas. 8) New genetic insights in KTS pathogenesis have suggested that overexpression of VG5Q angiogenic factor and t(5;11)(q13.3;p15.1) translocation may result in increased angiogenesis. 28, 30) However, KTS is genetically heterogeneous so the sporadic occurrence of the syndrome may be explained by predominant inheritance or autosomic-dominant inheritance with incomplete penetrance involving mutated genes that code for angiogenic factors. 1, 5, 11, 28, 30) Due to the sporadic incidence of KTS and to the even more rare KTS-spinal AVM association, further investigations are needed to validate the genetic hypothesis. If this hypothesis could be confirmed, genetic analysis could identify patients with higher risk to develop vascular lesions. Closer follow up could then be planned for selected patients.
Thirty-three cases of the combination of KTS and spinal AVM have been reported from 1949 to date, but there is no consensus about the optimal therapeutical strategy in either pediatric or adult series (Table 1) . Nineteen patients suffered progressive neurological deterioration according to the spinal AVM localization, one patient experienced heart failure, one patient was asymptomatic, 7 patients had subarachnoid hemorrhage, and the clinical status was unknown in 4 patients. Endovascular treatment was performed in 8 patients, surgery in 6 patients, combined endovascular and surgical treatment in 4 patients, and conservative treatment in 6 patients. The success of the surgical approach was described in two cases. 15, 16) Endovascular treatment resulted in good outcomes in 5 of 8 patients, death of pulmonary embolism in one patient, and clinical worsening in one patient who underwent a leg amputation after spinal AVM embolization. 4, 8, 15, 19, 26) Combined endovascular and surgical treatment resulted in improved symptoms in 3 patients. 2, 15, 22) Long-term follow up was described in the present and one other case. 15) The supposed association between KTS and spinal AVM remains controversial, as this association has no solid foundation and some KTS cases were actually misdiagnosed. 3) Therefore, any exact guidelines about the optimal treatment for spinal AVMs associated with overgrowth syndromes are difficult to define. The clinical presentation of spinal AVM in the context of KTS may not necessarily require a different treatment paradigm from solitary spinal AVMs. For example, a recent case of PWS associated with a spinal AVM was treated by endovascular embolization. 12) However, in overgrowth syndromes, such as KTS, either one or both legs may already be impaired by bony and soft tissue hypertrophy, and vascular malformations. Moreover, genetic abnormalities may induce aberrant angiogenesis and relapse/recurrence of the lesions. For these reasons, multisession embolization of the spinal AVM seems to be sensible in a patient with overgrowth syndrome suffering functional deficit of the extremities to permit good recovery, minimize complications, and possibly improve neurological symptoms. Therefore, the treatment goal should be spinal AVM volume reduction, rather than complete obliteration. The spinal AVM have a mass effect on the spinal cord, so embolization of the feeding vessels may reduce compression by reducing the spinal AVM volume, whereas complete obliteration of the lesion may maintain the mass effect on the spinal cord. Furthermore, a genetic analysis in patients with spinal AVM associated with lower limb hypertrophy or varices may reveal an underlying predisposition to abnormal angiogenesis. Closer follow-up should be planned in these selected cases to rule out any spinal AVM relapse or the onset of new vascular malformations.
We propose multisession embolization as a safe and reasonable option to treat patients with spinal AVM associated with KTS who have already impaired extremities to reduce the spinal AVM volume, rather than complete obliteration. The specific diagnosis of spinal AVM associated with KTS vs. any other non-syndromic spinal AVM probably does not change the treatment strategy. On the contrary, coexisting leg impairment due to the overgrowth syndrome must be carefully evaluated to choose the best therapeutic option in order to preserve any residual motor/sensory function of the lower extremities.
